Abstract: We examine the contribution of U.S. trading to the price discovery process of 64
Introduction
Price discovery is the process by which a market impounds new information and finds the equilibrium price (Hasbrouck, 1995) . With the increasing number of international crosslistings, a question arises of how different venues contribute to the process if a security is traded in multiple locations across countries. The issue has been subject to intensive empirical research in recent years and studies on both daily (e.g. Lieberman, Ben-Zion and Hauser, 1999; Kim, Szakmary and Mathur, 2000; Wang, Rui and Firth, 2002) and intra-day data (e.g. Hupperets and Menkveld, 2002; Eun and Sabherwal, 2003; Schlag, 2005a, 2005b; Pascual, Pascual-Fuster and Climent, 2006; Kaul and Mehrotra, 2007) find that, on average, the home market is dominant in the pricing process. However, the studies uncover a substantial variation in the foreign market's contribution to price discovery across companies.
In an analysis of the cross-sectional differences in the foreign market's share in price discovery, Eun and Sabherwal (2003) find that the process is influenced by relative trading characteristics. Investigating 62 Canadian companies that list in the U.S., they uncover that the U.S. contribution is directly related to the share of trading in a stock and to the ratio of medium-size trades in the U.S. and in Canada, and inversely related to the ratio of bid-ask spreads. Their findings on the significance of relative liquidity in price discovery are confirmed by Grammig, Melvin and Schlag, (2005b) , who analyze an international sample of 17 firms cross-listed on the NYSE.
In this paper, we extend the cross-listing literature on factors that influence the distribution of price discovery across markets by exploring the effects of information asymmetries on the pricing process. To this end, we focus on the information environment of NYSE specialists who make market in non-U.S. stocks. Bacidore and Sofianos (2002) point to inherent differences in making market in domestic versus foreign stocks that result in differences in market quality. They attribute these differences to greater information asymmetries associated with trading foreign stocks and suggest that the asymmetries may be reduced by higher concentration of foreign stocks in particular specialists. It is expected that the higher concentration would encourage closer linkages and associations with local brokers and lead to a better understanding of international stock markets. Furthermore, clustering and trading closely related stocks can have a direct impact on the cost of market making in international cross-listing, as suggested by Baruch, Karolyi and Lemmon (2007) . They develop a theoretical model to show that, when trading a set of related stocks, market makers can infer information from observed order flow of a set of related firms, and the order flow of one firm can be relevant to the pricing of other firms.
The above motivate our study to examine whether higher concentration of foreign stocks from a given country in individual specialists, identified on the basis of their post and panel locations on the NYSE trading floor, affects the U.S. share in price discovery. Unlike other studies we do not limit our sample to a few large and very liquid stocks, but analyze stocks with different level of U.S. trading volume. The issue is particularly important from the perspective of our analysis, as we are able to better explore the mechanism through which concentrated market making affects the price discovery process. This is based on the proposition by Baruch, Karolyi and Lemmon (2007) that in a set of related assets order flows to one asset are relevant for pricing other assets. As the incorporation of new information into stock prices is primarily driven by order flow, in the absence of own order flow price discovery can be driven by order flow of related stocks. Along these lines, clustering in specialist portfolios will be more important for less liquid stocks whose pricing will be supported by pricing of peer firms. Therefore, we expect that higher concentration of foreign stocks in individual specialists will increase the U.S. share in price discovery, but in a nonlinear fashion. The impact of concentrated market making will be more pronounced for stocks with lower own order flow, and will be less important for the most liquid stocks.
Our sample consists of 64 NYSE-listed British and French companies and the sample period spans January to June 2003. As of the end of 2002, the United Kingdom had the largest number of NYSE cross-listings and the largest NYSE trading value among European countries, and France followed as the second and the fourth most important one, respectively.
Our approach extends the concurrent study by Grammig et al. (2005b) based on a small sample of European companies and complements the paper by Eun and Sabherwal (2003) , which concentrates on a relatively large sample of Canadian stocks. It is worth noting however that the results for Canadian stocks may not hold for European companies crosslisted in the U.S. The United States and Canada are considered to have more integrated markets because of tighter economic linkages, higher cultural proximity and longer overlap in trading and business hours. All these factors may influence the interest from U.S. investors and could explain different patterns in the U.S. contribution to price discovery. Moreover, Canadian securities are listed in the U.S. as ordinary shares, whereas European companies usually choose listing of American Depository Receipts (ADRs). Although ADRs are close substitutes of underlying ordinary shares, arbitrage transactions involve ADR creation or cancellation fees paid to the depository bank, which may have an impact on the inter-market pricing process.
1
Our results support the hypothesis that concentration of foreign stocks from a given country in individual specialists' portfolios significantly increases the price discovery in the U.S. market relative to the home exchange. Moreover, we find evidence that the positive effect of concentrated market making is non-linear in the U.S. trading volume. It is stronger for companies with lower U.S. trading activity, and high own order flow reduces the effect of clustering a country's stocks in specialist portfolios. In our tests we control for the impact of relative liquidity measures, such as relative trading volumes and the ratio of quoted spreads, 1 Gagnon and Karolyi (2004) provide a detailed discussion of exchangeability of ADRs and ordinary shares and describe arbitrage mechanisms in different forms of cross-listing. on the share in price discovery and confirm the findings of previous studies. Our results are also robust to the approach used to calculate shares in price discovery, to the potential endogeneity of the relative liquidity measures, to the impact of stock reallocations, to the length of the overlapping period, and to the currency of denomination of both market prices.
We interpret our results as an indication of the importance of individual specialists' personal skills, experience and understanding of stock trading in international markets, which lead to a decrease in information asymmetries when foreign stocks are clustered. To support this conjecture we provide evidence which shows the negative relationship between concentrated market making and adverse information costs. The non-linear impact of the concentrated market making on the share in price discovery suggests that with the limited own order flow, the incorporation of information into stock prices can be driven by order flow to closely related stocks.
The remainder of the paper is organized as follows. The role of NYSE specialists and differences in market making in U.S. and non-U.S. stocks are outlined in Section 2. Section 3 describes data sources and the sample of U.K. and French stocks under investigation. In Section 4, we present the methodology of our analysis. First, we discuss two approaches used to calculate relative contribution to the price discovery process based on Hasbrouck (1995) and Gonzalo and Granger (1995) . Then, we outline the methodology of our cross-sectional analysis that examines the factors influencing the U.S. share in the price discovery process.
Section 5 presents the main empirical results, while Section 6 reports the robustness tests.
Section 7 summarizes and concludes the paper.
The Role of NYSE Specialist and Market Making in Non-U.S. Stocks
and orderly market in assigned securities. Every security has a single specialist, whose responsibilities include posting firm and continuous bid and ask quotes, committing own capital to supply short-term liquidity in the absence of public bids and offers, and reducing stock price volatility by trading against the market trend. At times of significant information releases or extreme order imbalances, the specialist may halt trading to allow investors to react to new information.
However, there are inherent differences between making market in non-U.S. stocks traded on the NYSE and their U.S. domestic counterparts.
3 These result from different institutional details and differences in the flow of information related to the security. The foreign firms' securities may not be fully fungible across home and U.S. markets, they may be subject to different national regulations, accounting and reporting standards, and their trading may be influenced by time zone differences between home country and the U.S., all of which can lead to differences in pricing in markets where the firm lists (Gagnon and Karolyi, 2004) .
Moreover, foreign stocks are usually actively traded in their home markets and U.S. traders may have limited access to information on trading there. Domowitz, Glen and Madhavan (1998) show that the level of information linkages between markets has a direct impact on the market quality. If the markets are not fully integrated and access to information is indeed limited, greater adverse selection increases trading costs when informed arbitrage traders exploit price differences at the expense of less informed liquidity providers.
Empirical evidence of the importance of information asymmetry and adverse selection in trading behavior and liquidity provision by NYSE specialist in non-U.S. stocks is provided by Bacidore and Sofianos (2002) . Using proprietary data, they find that specialist closing inventories for non-U.S. stocks are closer to zero than for U.S. stocks, and specialist participation and stabilization rates for non-U.S. developed market stocks are higher than those of U.S. stocks, while for non-U.S. emerging market securities they are significantly smaller. Non-U.S. stocks are also found to have larger spreads, less quoted depth and greater volatility. The authors conclude that higher trading costs reflect additional compensation demanded by the NYSE specialists to compensate for higher adverse selection risks borne in trading foreign stocks. Higher adverse selection inherent in trading non-U.S. stocks is confirmed by Bacidore, Battalio, Galpin and Jennings (2005) in a study of the sources of liquidity for non-U.S. NYSE-listed stocks. They find that foreign stocks have less displayed liquidity and a similar level of non-displayed liquidity than comparable U.S. stocks. In a related study, Moulton and Wei (2006) investigation to examine whether the concentration of non-US stocks from a particular country in the NYSE specialist portfolio reduces information asymmetries and increases the US share in the price discovery. Furthermore, there may be yet another source of reduced trading costs when market makers cluster their books. As shown by Baruch, Karolyi and Lemmon (2007) , when market makers trade 'closely related' stocks, they can infer information not only from an asset's own order flow, but also from order flows of the other assets. The authors build a theoretical model and provide empirical evidence which shows that the volume in the U.S. is higher for cross-listed stocks that are correlated with other stocks traded in the U.S. market, and that is explained by the lower costs of trading in these cross-listed stocks.
Data and Sample
The data were taken from various sources. NYSE trades and quotes were downloaded either home or U.S. market. All three stock markets (U.S., U.K. and France) followed similar patterns during this period. There was a downward drift with a local minimum of market indices about mid-March, followed by upward trend towards the end of the sample period.
There seems to be no single event or day that may be particularly noteworthy over those six months.
The sample includes British and French companies listed on the domestic exchange and cross-listed on the New York Stock Exchange throughout the whole six-month sample period. We exclude two companies that changed ADR ratios (British Energy and P&O Princess Cruises) since this action could have a significant impact on liquidity (see Muscarella and Vetsuypens, 1996) . Any shocks to liquidity and microstructure environment for our sample stocks could lead to a break in comparability of the relevant characteristics of the home and U.S. markets throughout the period. We also exclude ADRs representing preferred stocks, as their pricing mechanism may be substantially different from common ADRs and ordinary shares. We depart from many prior studies by not making any exclusions on the basis of trading intensity and liquidity. We investigate the price discovery process and its determinants in the breadth of the sample, not confining it to the most liquid, and hence conceivably largest companies. 4 Altogether, our sample includes 64 companies, 43 from the U.K. and 21 from France. Table 1 Following the approach commonly used in previous intra-day price discovery studies, we form our price series on the basis of equally-spaced midpoints of the best bid and ask quotes. Using transaction prices instead may suffer from the problem of autocorrelation and, moreover, quotes can be updated even if there is no trading. Supporting evidence for that is reported in Table 1 , where differences in the frequency of quoting between home and U.S.
market are visibly smaller than discrepancies in trading volume and number of transactions.
We set our interval to one minute, and each point in our price series represents the average of the last best bid and ask prices within the 1-minute interval. If no change of the best quotes is reported within the interval, the observation represents the last available quotes. The first 1-minute interval each day containing quotes in both markets is the initial observation for that day in our series. The choice of the sampling interval is done arbitrarily with a tradeoff in mind between too many stale quotes if the interval is too narrow and dissolution of one-way causality into contemporaneous correlations when too much activity is observed within an interval at lower frequencies.
Methodology

Measures of Information Shares
In calculating the information share of the U.S. and home markets in the price discovery process, we use both the Hasbrouck (1995) information share technique and the Gonzalo and Granger (1995) common component method. These models are the two most prevalent common factor models. They are directly related and the results of both models are primarily derived from the vector error correction model (VECM). They provide similar results if the VECM residuals are uncorrelated. In the case where there is contemporaneous correlation we use Cholesky factorization, which is, however, variable order dependent.
Following Hasbrouck's (1995) suggestion we use different orders and average the upper and lower information share bounds. In our paper, we use both of the above models as complementary methods. 6 We present below both estimation approaches based on Baillie et al. (2002) .
We expect the price of an instrument cross-listed in a foreign market, adjusted for the exchange rate, not to deviate from the price in the home market. The law of one price, which prevents any arbitrage opportunities in international cross-listings, implies a cointegrating relationship between the log home price, t p 1 , and log U.S. price, t p 2 , converted to the same currency with a cointegrating vector
. In our analysis, we denominate all price series in U.S. dollars and convert local U.K. and French prices using intra-day exchange rates.
their differential is the error correction term
, where β is the cointegrating vector. Both models start from the estimation of the following VECM:
where α is the error correction vector and t e is a zero-mean vector of serially uncorrelated innovations with covariance matrix Ω In order to get the information share of each market, the order of the prices is changed and the calculation process is repeated. The average of the two results is suggested by
Hasbrouck to be the final information share. Gonzalo and Granger (1995) define the common factor to be a combination of the variables t P , such that Thus, the Gonzalo and Granger's (1995) approach is concerned with only the error correction process, which involves only permanent as opposed to transitory shocks that result in a disequilibrium. It ignores the correlation among the two prices and measures each price's contribution to the common factor on the basis of its error term. The price, which adjusts the least to the other price movements has the leading role in the price discovery process. In contrast, Hasbrouck (1995) defines price discovery in terms of the variance of the innovations to the common factor assuming that price volatility reflects the flow of information.
Information share in this model is each price's relative contribution to the variance. and Schlag, (2005a, 2005b) use the Hasbrouck method. 7 According to Baillie et al. (2002) the two models complement each other and provide different views of the price discovery process between markets. On the other hand, de Jong (2002) concludes that Hasbrouck's measure is a more proper measure of the amount of information generated by each market. Harris et al. (2002) have different view and employ Granger and Gonzalo (1995) to estimate and test common factor components attributable to each market.
the information share of each market. Because overnight price discovery may follow different dynamics, overnight returns and lags that reach the previous day are excluded from the estimation. Consequently, for each stock we exclude first k observations of the dependent variables each day. The lag length k is determined by the Schwarz-Bayesian criterion (BIC).
Cross-Sectional Analysis of the U.S. Contribution to Price Discovery
The size of our sample, 64 stocks in total, enables us to run cross-sectional regressions to examine factors which affect the size of the U.S. market contribution to price discovery.
Our dependent variable is the logistic transformation of the U.S. market contribution to price discovery. 8 The logistic transformation ensures that the predicted values lie between zero and one, which by definition are the bounds of the contribution.
Our main explanatory variable reflects the allocation of non-U.S. stocks to NYSE specialists. We expect that the U.S. contribution to price discovery increases with the clustering of non-U.S. stocks in NYSE specialists, driven by reduced information asymmetries. With the higher concentration, specialists can develop expertise and better understanding of international markets, and also can infer information about one stock from order flow to other stocks from the same country. The data on allocation of stocks to specialists is provided by the NYSE in daily files. The files identify the specialist firm assigned to each security, as well as the trading location of the security on the floor as described by different posts and panels. There are 18 posts and various alphabetically labeled panels on each post. The individual specialist responsible for each stock is identified by a unique post and panel. On the basis of the file from January 2, 2003, i.e. the beginning of our sample period, we track the number of U.K. and French companies covered by each of the seven specialist firms and, within the specialist firms, we determine the number of the countries' stocks allocated to each of the individual specialists. We take into account all U.K.
and French stocks traded on the NYSE on that day, including preferred ADRs. In case of multiple issues by the same company, we count them as one.
The identified allocation is presented in We also include a multiplicative term of the individual specialist variable and trading volume in the U.S. market. The U.S. trading volume of a stock is defined as the natural logarithm of the average volume during the two-hour trading overlap period over our sample period. We expect a negative coefficient of the multiplicative term, as we hypothesize that the clustering of a country's stocks in specialist portfolios will be of lower importance for more liquid stocks. Price discovery for liquid stocks will be driven by own order flow, while for less liquid stocks specialists can extract information about a security from order flows to other clustered stocks.
Two control variables have also been added, which relate to liquidity and have been found to play a role in the price discovery process (see Eun and Sabberwal, 2003, and Schlag, 2005b) . 9 The first one is the U.S. share in total trading volume.
A higher share in total trading is likely to increase efficiency of the market and may indicate informativeness of underlying demand (Stickel and Verrecchia, 1994) . As suggested by Foerster and Karolyi (1998) , it may also reflect higher competition for order flow by the foreign market, which might make the local market more responsive to the foreign market 8 If θ is the information share, then our dependant variable is Harris et al. (2003) make also a connection between liquidity information and home bias in international investment. Domestic investors may be better informed and better able to monitor local firms than foreign firms.
prices. As mentioned above, we define the U.S. market share in total trading volume as the number of shares traded in the U.S. as a percentage of the home exchange and U.S. trading volume within the two-hour trading overlap over the whole sample period.
The second control variable is the ratio of U.S. to home bid-ask spreads. The bid-ask spread represents a major proportion of the trading costs, and we expect the U.S. market contribution to the price discovery process to increase when its spreads relative to domestic spreads decline. The lower the spread on the U.S. exchange, the greater the competition from the U.S. market makers and the greater the response of the local markets.
In testing the significance of the above factors on the U.S. share in price discovery we apply both Ordinary Least Squares (OLS) and Two-Stage Least Squares (2SLS), as the OLS estimation may be inconsistent if regressors are endogenous. In particular, it is not certain whether liquidity of cross-listed stocks on the NYSE is not influenced by the U.S. share in price discovery, in line with arguments and findings of Baruch, Karolyi and Lemmon (2007) .
We use the following instruments when applying 2SLS. A dummy variable, which takes the value of one for British companies and zero for French ones. This is a proxy for familiarity for sharing the same language and cultural background, which are documented to influence stock holding and trading decisions (see e.g. Grinblatt and Keloharju, 2001, and Chan, Covrig and Ng, 2005) . We can expect relatively higher U.S. liquidity for U.K. stocks than for French stocks. The second instrument is the firm size measured as the logarithm of the average daily market capitalization (in U.S. dollars) over the sample period.
10 Larger firms have high transparency and tend to be of greater interest to foreign investors as found by studies of cross-border stock holdings (see e.g. Kang and Stulz, 1997) . The last instrument is ADR institutional holdings. larger U.S. ownership base will be associated with a higher fraction of overall trading in the U.S. Furthermore, institutions are often subject to prudential policies, which restrict firm holding of stocks abroad and thus resort to holdings of ADRs. To assess the appropriateness of the instruments, in each 2SLS estimation we calculate Hansen's J-statistic.
Empirical Results
Vector Error Correction Results
We perform ADF unit root tests on the levels of two log price series for each sample firm using three different test specifications, i.e. without constant, with a constant and with a constant and time trend. The test in the first specification does not reject the null hypothesis of a unit root at the 5% significance level for any of the firms. We obtain rejections at the 5% level for at least one of the two price series for 6 stocks in the test with a constant, and for 4 stocks in the test with a constant and trend. For differenced series we can reject the null of a unit root at the 1% significance level for all stocks. In the next step we test for cointegration between prices in the home and U.S. market using the Johansen's (1991) trace statistic. For all sample stocks, we can reject the null hypothesis of no cointegration.
Cross-sectional descriptive statistics of the estimated cointegrating vectors are presented in Panel A of Table 3 . We normalize our estimates on the home market by setting 
U.S. Share in the Price Discovery Process
We subsequently calculate the U.S. share in the price discovery process using both approaches the Hasbrouck (1995) information share as given by equation (7) and the Gonzalo and Granger (1995) common component method as given by (8). 12 Descriptive statistics of the shares in the whole sample, as well as in the U.K. and French sub-samples are presented in Table 4 .
Looking first at Panel A, which reports the results of the Hasbrouck approach, we see that the mean contribution of the U.S. market in our whole sample is 15.5% with the median of 9.0%. There is a very small difference between the UK and the French stocks. As noted 12 For five stocks both 1 α and 2 α are positive. In those cases the home market seems not to be affected by the divergence from equilibrium. In the following minute, the home market moves further away and the U.S. market makes up for the divergence adjusting more in absolute values. The Gonzalo-Granger method yields a negative U.S. share in price discovery earlier the Cholesky factorization of the innovation variance-covariance matrix produces results which are variable order dependent. We adopt Hasbrouck's (1995) suggestion and report the average of both extreme bounds. In our case the mean (median) lower bound for the U.S. share in price discovery is 6.4% (2.8%) when the home price comes first in the ordering and the mean (median) upper bound is 24.6% (16.2%) when the U.S. price comes first. 13 The results for Gonzalo-Granger method are presented in Panel B of Thus, similarly to earlier studies, we find a dominant role of the home market in price discovery. Our average estimates are below the U.S. share in the pricing process of crosslisted Canadian companies found by Eun and Sabherwal (2003) . Their mean and median are 38.1% and 36.2%, respectively. The difference could be due to the higher economic integration between Canada and U.S. and to the larger proportion of trading on U.S.
exchanges in total trading of cross-listed Canadian stocks. However, Kaul and Mehrotra (2007) , who also examined Canadian stocks, report a difference between U.S. price discovery share for cross-listed stocks in NYSE and NASDAQ. They find that the mean (median) is 13% (6%) for NYSE stocks and 47% (41%) for NASDAQ stocks. Looking at other European cross-listed stocks, our results show a larger role of the U.S. market than the results of Furthermore, in line with previous studies on different samples, we can observe large cross-sectional variation of the estimated U.S. share in the pricing process. It varies from then. In those cases we arbitrarily assign a 0.01% U.S. share in the price discovery to make it tractable in further steps involving logistic transformation of the variable. 13 The distance between the lower and upper bound is driven by the correlation of VECM residuals. The average correlation coefficient in our estimations is 0.27. 
Multivariate Cross-Sectional Analysis
In this section we investigate the determinants of the differences in the U.S.
information share for our sample of firms. The results are reported in Table 5 . As it can be seen our allocation variable is statistically significant and has the expected sign irrespective of the approach used to calculate the information share or the method of estimation. It supports the increased price discovery in the U.S. market relative to the home exchange as clustering of foreign stocks in individual specialists increases. Furthermore, our multiplicative term of the individual specialist variable and trading volume in the US market has the expected sign i.e. the information extracted from the concentration of stocks from a particular country in a specialist's portfolio in NYSE will be more important for less liquid stocks. The variable is statistically significant in all estimations apart from the Gonzalo-Granger when using OLS.
However, it should be noted that the J-statistic for that approach is 1.66 and has an associated p-value of 0.19. That implies that we cannot reject the null hypothesis that the moment conditions are correct and that gives support to the 2SLS estimation. In contrast, the reverse is true for the Hasbrouck estimation. Our two control variables capturing relative liquidity in the U.S. and home markets are also statistically significant and have the expected signs. Greater U.S. trading activity relative to the home market increases the U.S. share in the price discovery, while higher bid-ask spread on a firm's share in the U.S. relative to the home market reduces the U.S. discovery. 
Allocation to Specialists and Adverse Information Costs
To confirm whether the concentration of foreign stocks in individual specialists' portfolios is associated with reduced information asymmetries and limited adverse selection, 14 In order to test whether the distribution of price discovery across markets is driven by concentration of a country's stocks in specialist firms rather than in individual specialists, we re-ran the regressions in Table 5 we analyze adverse information costs across different levels of the concentration. Following Huang and Stoll (1996) and Bacidore and Sofianos (2002) (p-value of 0.0406). We find that, on average, an increase in the concentration by one stock is associated with a reduction in the adverse information costs by 15 basis points. It lends further support to our hypothesis that concentrated market making increases the U.S. contribution to price discovery due to reduced information asymmetries.
Robustness Tests
In this section, we subject our cross-sectional results to a number of robustness tests starting with tests related to stock reallocations. Our concentration measure for particular companies might have changed over the sample period due to two reasons. Firstly, new listings and de-listings obviously change the number of listed stocks; and secondly, a specialist firm may reallocate stocks among its own specialists. 16 From the viewpoint of our analysis, the latter case is particularly important. Such changes are not very frequent and if undertaken, they affect on the same day a number of stocks traded by the firm. During the period of our analysis, reallocations within a specialists firm affected 13 sample stocks. 17 In a related paper, Battalio, Ellul and Jennings (2006) find that quoting and trading behavior changes when securities change the location at which they trade on the NYSE floor. The authors interpret this as evidence of the importance of trading relationships between specialists and floor brokers and they suggest that these relationships have an impact on the trading process.
To check whether our cross-sectional findings are robust to stock reallocations we perform two tests. In our main regressions, we define allocation of stocks to individual specialists on the basis of data from the beginning of our sample period (January 2, 2003).
The results for an alternative definition based on allocations at the end of the sample period (June 30, 2003) are reported in Panel A of Table 6 . 18 The main results remain unchanged. In our second robustness test we exclude all stocks for which the concentration measure at the end of the sample period is different from the beginning of the period. We leave firms for which the concentration level remains unchanged, which may mean that neither the stock nor any other stock from the same country traded in the same location was reallocated.. The results are presented in Panel B of Table 6 . No. of country's stocks traded by individual specialist, the variable of main interest, is significant across all specifications, but with the less pronounced evidence of the non-linearity in the U.S. trading volume. 16 Reallocations of stocks between specialist firms are very rare and we do not find any such reallocation of any of the sample stock in the 6-month period. 17 These were 12 stocks traded by Spear, Leeds and Kellogg, and one stock traded by LaBranche and Co. 18 It should be noted that in the Gonzalo-Granger approach more emphasis should be given to 2SLS results according to the J-statistic.
We then proceed to run other robustness tests. Firstly, we re-estimate the information shares converting the price series to local currencies, i.e. to pounds for U.K. stocks and to euros for French stocks. As found by Grammig, Melvin and Schlag (2005a) , if the exchange rate is volatile, the contribution of the market whose local currency is used in the estimation may be understated. The results are presented in Panel A of Table 7 . The results of both our main explanatory variable and the control variables are statistically significant and have the expected signs confirming that the impact of the exchange rate on our findings is negligible.
We subsequently concentrate on the length of the overlapping trading period. We re-estimate the information shares excluding the first and the last 15 minutes of the trading overlap 19 of each trading day. Werner and Kleidon (1996) found in their study of U.S.-listed U.K. stocks that the trading volume and price volatility follow a U-shaped pattern throughout the day, with the higher levels around the beginning and closing of the market. On the other hand, Moulton and Wei (2006) using a more recent sample of U.S.-listed British stocks find that during the overlapping trading hours spreads trade at an intermediate line rather than following separate U-shaped curves at the LSE and NYSE. They ascribe this development to greater market integration in recent years. Nevertheless, some may argue that traders in European markets may not be willing to engage in informative trading and rather trade for liquidity reasons towards the end of the day, which would inflate the U.S. share in price discovery in our analysis. However, we find no qualitative difference to our cross-sectional results when the period immediately after the U.S. market opening and before the European market closing are excluded (see Panel B, Table 7 ).
As a final set of robustness tests we re-do the whole analysis changing the sampling frequency. All the tests presented so far are based on a 1-minute sampling interval, and we lower the frequency to 2, 3 and 10 minutes. With lower frequencies we may reduce the number of stale quotes, but an important caveat is in order. With lower sampling frequencies cross-correlation between price changes in the home and U.S. market increases leading to larger estimation errors in the markets' share in price discovery. Joint price movements in larger windows blur the picture and make it difficult to assign the role in price discovery to individual markets. In the Hasbrouck approach, the cross-correlation results in a wider gap between the lower and upper bound of the information share, ultimately pushing the midpoint between the two towards the 50% mark. Indeed, the mean (median) Hasbrouck's U.S. share in price discovery increases monotonically from 15.5% (9.0%) for a 1-minute interval to 36.4%
(38.4%) for a 10-minute interval. The estimates according to the Gonzalo-Granger method are more stable, and their sample mean (median) changes from 20.3% (14.3%) for a 1-minute interval to 29.0% (25.5%) for a 10-minute interval.
The results of the cross-sectional analysis at different sampling intervals are presented in Table 8 . Coefficient of No. of country's stocks traded by individual specialist remains positive and significant at the 5% level or better in regressions based on the U.S. contribution to price discovery calculated using the Gonzalo-Granger method, and its cross-product with Log U.S. volume is negative and significant in most of the specification. These results confirm our findings presented in the main part of the analysis. The results based on the Hasbrouck measure change though, and the variables of main interest lose their statistical significance.
However, as mentioned above, at lower frequencies the Hasbrouck measure is strongly affected by cross-correlations resulting in substantial differences between the lower and upper bounds of the estimated information share, so the results have to be treated with caution and are less reliable.
Conclusions
In this paper, we examine the contribution of the U.S. trading to the price discovery Applying both the Hasbrouck and Gonzalo-Granger methods to calculate the U.S. information shares in price discovery we find that, on average, the U.S. market contributes 16% and 20%, respectively, to the price discovery of sample stocks. Our sample is larger than those used in previous studies and its breadth gives us the opportunity to develop a cross-sectional analysis and study factors that might affect the contribution of the U.S. market to the pricing process.
Our main contribution to the literature is the analysis of the impact of concentration of stocks from a given country in NYSE specialists on the price discovery process. As found by Bacidore and Sofianos (2002) , making market in non-U.S. stocks is associated with larger information asymmetries and higher adverse selection risk. The concentration may reduce them, since it encourages closer links with non-U.S. stock markets and a better understanding of international stock trading. We find that higher concentration of stocks from a given country at the individual specialist level leads to a larger share of the NYSE in price discovery. We interpret this as an indication of the importance of the information environment of specialist traders, which lead to a decrease in information asymmetries when foreign stocks are clustered. This role is even greater for less liquid stocks for which, with limited own order flow, information can be extracted from order flow to closely related stocks. Supporting evidence is provided on the negative relationship between concentrated market making and adverse information costs. Furthermore, our results confirm the importance of liquidity in terms of U.S. trading volume and the relative bid-ask spread to the discovery process.
However, the relatively short window of our study allows a static analysis of stock allocations only. An interesting issue which deserves a more thorough analysis in light of The sample includes 43 U.K. and 21 French stocks cross-listed on the New York Stock Exchange from January 1, 2003 through June 30, 2003. All measures are computed for every stock in the sample and then mean and median across the sample and subsamples are calculated. Capitalization is measured as average daily market capitalization in the study period. Volume, trades and quotes are counted within the trading overlap between the home and U.S. market. Volume in the U.S. market is adjusted for the ratio of ADR and ordinary shares. Number of quotes is defined as a number of changes in best bid and/or best ask price. The US share in the price discovery process is based on the Hasbrouck (1995) method as given by equation (7) and the Gonzalo and Granger (1995) as given by equation (9). 
